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Abstract

Statisticsis generaly classified as a difficult course. In this
regard, promoting an active learning environment isa
popular instructional strategy. However, there is much
evidencein the literature of aliteral and simplistic
interpretation of “active learning environment” . This report
describes an approach to facilitating introductory statistics.
The model embodies constructivism, the integrated
curriculum approach and outcomes-based assessment.
Stetisticsis promoted as data management, and is defined
as: astructured and logical process of collecting, organizing,
analyzing, interpreting and presenting data, based on
specific objectives, for the purpose of decision-making. This
model provides alogical framework that reflects real world
applications. In particular, it has the potential to offer
appropriate stimuli for cognitive effort, resulting in learning
that is meaningful rather than rote.
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I ntroduction

This case study report is based on my teaching experience as
an assistant professor of statisticsin psychology at Mercy
College and Hunter College, New Y ork. This model must be
viewed as awork in progress

A review of articles published in the Journal of Statistical
Education (1993 —2002)" and presentations from the
International Conferences on Teaching Statistics (ICOTS
1982-2002)* shows an abundance of information on:
e challengesto teaching introductory statistics
e fear, anxiety and failure associated with
introductory statistics
e preparation of students (pre-requisites)
e theuse of technology/computers in the teaching of
introductory statistics, and
e best practices models for teaching selected topics
in introductory statistics.

However, there exists a dearth of information on:

e acomprehensive model for teaching introductory
statistics (behavioral sciences)
evaluation of teaching methodologies
empirical basisof teaching methodologies
faculty preparation, and
needs assessment for statistics education in
general, and introductory statisticsin particular.
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Objective

My objective isto develop asimple model that will de-
emphasize formulae, calculations and examinations, and
promote reasoning (thinking) by making links with real life
activities that truly define the subject and which almost all
students can identify with. Above al, | first seek to facilitate
the student to appreciate (other than for credits) the rationale
for studying statistics.

Teaching M ethodology

| usually €licit from students on the first day (focus group
style):
e their feelings about the subject
e their expectations of me and the course, and
e their perceptions of therole of statisticsin their
lives.

The following are common themes from the responses over
the past two years:
e | am afraid of math, numbers, calculations,
formulae and computers
e | angoing to fail thiscourse
e do you give make up exams (extra credit)?
e not sure how statistics will help except to get my
degree
e useexamplesto explain
e do not overwhelm us with notes
e it helpsto understand information

In general, my approach to teaching is guided by a definition
and the core functions of statistics (see flow diagram), and
was formulated based on the theory of constructivism?®. This
concept evolved from the works of John Dewey, Jean Piaget
and L. S. Vygotsky who characterized learning as
“experiencing the material” .*

Constructivism in general and its application in the teaching
of statistics purport that students construct new knowledge
and meaning by linking and relating new experience and
information to previous knowledge.>® In this regard the
emphasis is on creating active learning environments’ with
stimuli for cognitive effort leading to learning that is
meaningful rather than rote.

Consistent with this theory, course content and development
have focused on the integrated curriculum approach
(problem-based learning) as plausible in facilitating
statistical reasoning. It has been reported that knowledge is
recalled more easily, retained longer, and more readily
applied when the process of learning reflects the real world
applications of knowledge and skills. (Boyle 1999)%. This
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approach has also been characterized as cognitive
apprenticeship.”

Anintegral part of this methodology is student assessment,
the importance of which is underscored in the words of the
psychologist Lauren Resnick (quoted in Wiggins 1992, p.
152'%), "we get what we assess, and if we don't assess it, we
won't get it." Essentially the form of assessment determines
not only what material students learn but also more
importantly how they go about learning it.

Asafocusfor this approach, David Moore, a pioneer in the
field of statistics education, has long recommended that “for
statistical reasoning, the student must recognize the
omnipresence of variation and learn how thisvariation is
quantified and explained.”**

The specific elements of my methodology are:

e a practical definition of statistics

e outlining the development of stetisticsasa
discipline

e promoting statistics as data management

e cooperative learning (small-group exercises) .
Garfield (1993)*2

e theintegrated curriculum approach/problem-based
learning (linking within and between course
concepts to reflect real-life research scenarios and
solutions)

e teaching statistics as alanguage (includes
vocabulary building to facilitate practical report
writing to allow for decision-making)

e attention to data quality (reliability and validity)

e outcomes-based assessment® (1) statistical analysis
in the context of research including exploratory
data analysis based on class-generated and other
real-life data (2) reading articles from peer-
reviewed journals and commenting on the
statistical methods, results and their interpretation,
and (4) discussing stetistics and research reported
inthe popular press, and

o faculty evaluation (L)routine course evauation (2)
faculty peer observation, and (3) informal student
feedback.

Operationalization of the M ethodology

| usually begin with a carefully crafted definition of
statistics, which is the sole focus of the introductory session
and is promoted as a general framework for the entire
course.

The Definition

Statistics can be viewed as data management, and defined as
astructured and logical process of collecting, organizing,
analyzing, interpreting and presenting data, based on
specific objectives for the purpose of decision-making.

To facilitate understanding of this definition, the following
is provided:
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Explanation

Structured defined steps or
activities

Logical inan order that is
natural and makes sense

Process set of related activities

(collect -> organize->
analyze -> interpret->
present)

Specific Objectives allows for identifying
and defining the
variable(s) of interest
and to characterize the
analysis: univariate,
bivariate or multivariate

facilitates students to
focus on and appreciate
the need for optimum
quality data, given that
critical decisionswill be
based on thefindings.
Reliability and validity
are addressed.

Decision-making

At this stage, the term VARIABILITY isintroduced, and it
is emphasized that the presence of variability in data makes
statistics possible, and that in general, we seek to:

e identify and measure it (variability)
e explanit, and
e modd it (to predict).

The focus then shiftsto DATA, which isintroduced as
numerical (continuous & discrete) and categorical (nominal
and ordinal). Using a pun which most students recognize, |
then mention that not all data behave the same way, some
are normal and others non-normal or skewed (graphical
sketches are shown). Therefore, the behavior of data
together with the objective of the exercise will demand that
the data be treated differently, hence the need for different
statistical tests.

Each statistical analysis (descriptive and inferential) is
explained in accordance with the definition, in the context of
research, and is generally detailed as follows:

1. statetheobjective of the analysis

2. identify the variable(s)

3. if applicable, orient the variables with respect to
independent (explanatory) and dependent
(outcome)

4. definethe variable(s) especially to identify the type
of datato be collected/analyzed including the
specific level of measurement

5. characterize the analysis (univariate, bivariate,

multivariate)

select the appropriate statistical test

perform the test

interpret the results in conjunction with the

objective, and

9. writeapractical report to allow for decision-
making.

O N
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With respect to the actual statistical test, emphasisis given
to its conceptual framework (logic) rather than mathematical
calculations. All analyses are usually performed with a
statistical software package (SPSS)™ from which
appropriate tables and graphs are aso generated for report
writing and presentation. | have observed that having
generated the SPSS output, students generally find it easier
to follow and understand the formulae and calculations.

Flow Diagram of Definition/M odel

Results (qualitative outcomes)

e Almost al students have described the course as
practical and challenging. In particular, there was
overwhelming support for the following features of

the methodol ogy:

1. presents course content in an organized
manner

2. makes good use of examples and illustrations
to clarify concepts

3. interpretsdifficult and abstract ideas, and
4. stimulates thinking.

e |Ingeneral, students became empowered, evidenced
by greater interaction and participation in learning
activities along with enthusiasm about the course.

e Therewas evidence of considerable learning
(articulation, integration and application of
concepts).

e  Thisteaching methodology has been rated
“excellent” by faculty peer observers and students.

e Thismodel stimulated great interest in research.
Students and their professors reported tremendous
benefits from this course (pre-requisite) when
students progressed to experimental psychology.
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Conclusion & Recommendations

Providing a comprehensive, practical and meaningful
definition of gtatisticsin the introductory lecture can
promote greater understanding of and appreciation for the
subject, and dissipate fear and anxiety generally manifested
by students of introductory statistics in the behaviora
sciences. Thisdefinition provides alogical framework that
reflects real world applications. In particular, it hasthe
potential to offer appropriate stimuli for cognitive effort,
resulting in learning that is meaningful rather than rote.

Student anxiety and fear must be given critical consideration
in the teaching of introductory statistics, especially in the
social and behavioral sciences, which traditionally are
literature-based rather than data-oriented. “ The affective
domain of learning is sometimes left to chance.”*> Ramsden
(1992)*® states that any anxiety students have about a subject
will affect their learning style. He subsequently notes that it
is possible for the same student to exhibit deep, surface, or
strategic learning styles within the same subject.”

The model used herein is consistent with the theory of
constructivism, which application to the teaching of
introductory statistics is not without controversy™.
However, given the plausibility of this concept and the
widespread success of its application in other disciplines,
any heterogeneity in outcome may be attributed to a lack of
consistency in operationalizing the concept.

Specifically, there is much evidencein the literature of a
literal and simplistic interpretation of “active learning
environment” to mean mere proliferation of and emphasis
on computers (primarily for simulations) rather than the
integration of this technology into practical activities and
exercises which can provide stimuli for cognitive effort and
hence a meaningful learning experience. Such an approach
attaches more importance to technology rather than
pedagogy. In this regard, it must aso be noted that the
computer hasthe potential to exacerbate fear and anxiety
especially with our changing and non-traditional student
bodies.

DelMas, Garfield and Chance (1998)", in their paper on
understanding sampling distributions, posit that the
computer may detract from learning through cognitive
overload. Specifically, they noted that, “while software can
provide the means for arich classroom experience,
computer simulations alone do not guarantee conceptual
change.” This position was reinforced in a 1999 conference
presentation, which commented on the ambiguity about
the effect of computer technology on both the
communicative style of the instructor and the learning
process of the students. The author concluded that
computer-assisted instruction is beneficial to the student
when the ingtructor’ s roleis perceived as an integral part of
the process (facilitator) rather than a mere adjunct to the
process. A subsequent conference presentation® reported
that computers negatively affected class management.

In summary, this model emphasizes holistic® statistics. In
this regard, statisticsis detailed asatool of research and
addressed in that context, with the associated
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methodological and data quality issuesthat must be
considered for effective decision-making. There isneed to
enhance pedagogy (faculty preparation) in order to
effectively integrate technology into the introductory
statistics curriculum and promote meaningful learning. At
the very minimum, let’s listen to our students, they can help
us to shape a successful teaching and learning experience.

Finally, further evaluation of this teaching methodology is
encouraged.
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